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 Abstract 
     In order to measure the aspect of the rocket during its flight, the geomagnetic 
sensor is developed. The geomagnetic sensor is the saturable core type magnetometer, 
and feedback systems is used for the stability of its electronic circuit. 
     The aspects of the rocket in the space were observedsatisfactly. The ex-
periments were carried out at the Kagoshima Space Center of Tokyo University. (Lat. 
 31°15'0"N, Log.  131°04'45"E) The results are shown in the next table.
Table 1 The table of rocket 
   geomagnetic
sounding of the aspect 
aspectometer [GA].
of rocket with
Kappa 8-11 Kappa 9M-2
Length
Weight
(mm)
(kg)
Launching Angle
Altitude (km)
Date of Firing
Time of Firing 
(135 EMT)
Telemeter
Instrument 
Performance
Spin
Presessional Angle
Accuracy of 
 Mesurements
Angle
Other Physical 
Instruments
10,930
1,499
 79c
202
 1962 
Dec. 18
 14h03m
good
GA-2 
good
sec/revolution
55
±1.50irelative\         )
 CR.  RN.
 11,580
1,461
 79°
341
  1963 
May 20
 111109'n
good
GA-3 
good
1.7 cps
within 5
 ±1.5°C  fi
 RN.  PR.
 Lamda 2-1
16,371
 6,321
 76°
52.5
  1963 
Aug. 24
good
GA-4 
good
no presession
 ±1.5°( a  )
 ID.  CR.
Lamda 2-2
 16,492
6,170
 78°
394
  1963 
Dec. 11
 14h00",
good
 GM-1 
no good after 
nose cone open
12 cps
 ±1°(
ID. CR. 
PR. RN.
 Remarks: ID; 
CR; 
 RN; 
PR; 
 GA;
Ionospheric Direct Sounding 
Cosmic Ray 
Radio Noise 
Propagation of Radio 
Geomagnetic Aspectometer
Instrument
46 Y. KATO 
§ Introduction 
   The measurement of the aspect of the rocket during its flight is very important 
to analyse the observed ata of the physical states of the upper atmosphere obtained by 
the rocket. 
   Saturable core type magnetometer is used to determine the orientation of the rocket 
axis in the space relative to the direction of magnetic lines of force of the earth's 
magnetic field. 
   The aspect of the rocket was observed under the accuracy within 1.0 or 2.5 
degrees. 
   The experiments were carried out for the flight experiment of the Japanese sounding 
rocket  K-8-11,  K-9M-2,  L-2-1 and  L-2-2 at the Kagoshima Space Center of Tokyo 
University. (Lat.  31°15'0" N, Log.  131°04'45"E) Launching point is shown in Fig. 1. 
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                   Fig. 1. Launching point and directions of the rocks. 
1 Principle of the measurement of the aspect of rocket with 
aspectometer. 
   It is well known that the geomagnetic field is used for the fixed 
measure the azimuth or orientation of the objective matters.
geomagnetic 
coordinates to
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   In order to measure the aspect of the rocket, the geomagnetic field is also useful 
as the standard coordinate, it means that the angle between the line of force of the 
geomagnetic field and the axis of the rocket can be measured by detecting the value of 
three components of the geomagnetic field, axial component and the other two perpen-
dicular components which are fixed on the rocket. 
   The direction of the lines of force of the earth's magnetic field in the upper atmo-
sphere near the observation site is estimated from the value of the elements of the 
earth's magnetic field observed on the surface in this region. 
   By this method we can determine the angle with the acculacy within about  
-± 2.5°.
rocket  axis
Y
 z 
Fig. 2. Vehicle coordinate.
   In Fig. 2, X, Y, Z is the coordinate fixed on X, Y and Z axis of the rocket. D is the 
angle between the axis of X and the direction of H' components in X-Y plane. 0 is the 
angle between the axis of Z and the direction of F (total force of magnetic field).  X0, 
 Y, and  Z, is the value of the constant field in order to cancel the main part of the 
geomagnetic field and to compensate the magnetic field intensity of the vehicle itself. 
X, Y and Z are the observed value of the intensity of the geomagnetic field of each 
components during the flight. 
We have next equations. 
 X  —  X,  =  F  sin  0  cos  D (1) 
             Y  Yo  F  sin  61  sin  D (2) 
 Z  Z0  F  cos  0 (3) 
then 
               cos 0  — (Z  —  Z  0)IF (4) 
or 
              cos 2 0  —  1  — 2 { (X  — X0)2 + (Y  —  Yo)2}/F2 (5) 
where
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            F2  — (X  — X0)2 (Y  Yo)2 (Z  Z,)2 (6) 
 H`2  = (X  — X0)2 (Y  Yo)2 (7) 
(In the special case, X, Y, Z are not necessary to use.) 
   Therefore we can detect he angle betweenthe axis of the rocket and the direction 
of the lines of geomagnetic force. 
2 Geomagnetic aspectometer (GA) 
   Geomagnetic aspectometeris made by a magnetometer with saturablecore detec-
tors of the second-harmonic type. 
   A saturable-core detector consists of the core of thin foil of high magnetic 
permeability (permalloy) and primary and secondary coils wound on it. 
   A schematic diagram of the magnetometer GA-3 is shown in Fig. 3, which is used 
for the sounding rocket K-9M-2.
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   The alternating current of  1 kc per sec. is drived in the primary coil. 
   The detector signals (second-harmonics) areamplified by selective amplifiers tuned 
to frequency 2 kc per sec. and rectified by the phasesensitive detector. 
   The  dc signals from the phase-sensitive r ctifier are fed to themagnetic sensor for 
the purpose of making negative feedback loop. 
   This negative feedback system increases the stability and the lineality of the 
sensitibity of the magnetic sensor. 
   Relation between the obtained signals and the field intensity is shown in Fig. 4. 
   The drift of the out put voltage owing to the variation of temperature is very small 
within  ±-1% for the variation between 0°C to 40°C. 
   The voltage of the phase-sensitive r ctifier will change 12.5 V. to 2.5 V. for the 
expected changes of the magnetic field. 
   While the telemetry systemmust be applied within the range of the voltage 0 V 
to 5V, therefore the Jinc-mercury cells of voltage 2.5V are used as a bias. 
   Fig. 5 and Fig. 6 are the pictures of magnetic sensor GA-2. In this case, the 
nose cone was open automatically after 80 sec and the magnetic sensor is pushed outward 
about 20 cm at the same time to avoid the magnetic noise due to the other physical 
instruments, but of course the measurements of magnetic field can be done after the 
firing and it is easily to connect with the data of that which obtained after the nose 
cone opens under the consideration ofcalibration test which is observed before the flight.
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   If the spin of the vehicle is known previously, the component which is perpendicular 
to the rocket axis can be observed by only one sensor beside the axial one. 
   This type sensor can be used also as a magnetometer of measuring geomagnetic 
field in the space. 
   It was amounted on the rocket  L-2  -2. 
   Of course, we must take into acount the range of measurement and the magnetic 
noise of circumstance in this case. 
   For this purpose, semi digital method was used. That is a known field (opposite 
to the unknown) is applied through a backing coil which will maintain a net zero-field 
condition.
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     Fig 5  Fig.  6. 
                         Pictures of geomagnetic aspecto-meter GA-2 
                        Fig 5 Shows the sensor pushed foreward
                        Fig 6 Shows the electrinic  nstrument.
 Information of stepping cancel field are applied to the telemetry system with a signal 
of time intervals. 
   Residual value, owing to the dicontinuity, is also applied to the telemetry with a 
figure of analog data. 
   Fig. 7 shows a schematic diagram of this type magnetometer. (Fig A, B, C, D) 
show the arrangements ofphysical instrument in the rockets. 
3 Result obtained 
   All experiments used for magnetic sensor were carried out  satisfactoly. 
   Fig. 8 show the records observed at the flight of rocket  K-8-11 with the 
geomagnetic aspectometer GA-2. 
   Fig. 9 shows the changes of the spin of rocket and Fig. 10 shows the aspect of this 
rocket during its flight. 
   As the figure shows, a large amplitude of precession whose precessional angle is 
about 55 degrees, is observed after 75 seconds.
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    ig. 7. A block-diagram of magneto-meter that is used for the rocket L-2-2, 
   Its period is about 80 seconds. 
   On the other hand, Fig.  11A,  11B show the records of K-9M-2 with GA-3. 
   Fig. 12 shows the spin period and Fig. 13 is the aspect of this rocket during its 
flight. 
   In this case, the aspect of rocket is very stable against the former rocket. 
   These results are caused by the difference of spin period. 
   Pressesional angle of K-9M-2 is within only 5 degrees. 
   Fig. 14 and Fig. 15 show the schematic pictures of the aspects of these rockets. 
   In the case of rocket L-2-1, the aspect of the booster is observed, it is shown in 
Fig. 16. 
   Fig. 17 and Fig. 18 are the results of L-2-2, however, the equipment was 
damaged at the time of the opening of the nose cone by some other accident, therefore 
it shows the data of aspect before the time of the opening of the nose cone. 
4 Conclusion 
   Magnetic sensor was used as a geomagnetic aspectometer of the rocke atnd 
observed satisfactly the aspect of the rocket during its flight.
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   The developed type of this magnetic sensor can be used as a magnetometer to 
measure the magnetic field in and above the ionosphere. 
   In near future we will observe the ionospheric current using the proton precession 
magnetometer and above mentioned flux-gate magnetometer. 
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